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40+ years of toxics research at NWFSC
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Focal area: toxic chemical contaminants
« > 80,000 chemicals currently in societal use

» Many enter coastal and ocean habitats via accidental spills, direct
discharge, land-based runoff and atmospheric deposition

* A global threat to protected resources, seafood safety, healthy
habitats, and sustainable fisheries

* A problem that is growing with increasing coastal development,
natural resource extraction, severe weather, and shipping

* NMFS will need a national research and assessment capacity for
toxics to meet current and future conservation challenges
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A network of collaboration (FY10-15)

Alaska Department of Fish & Game
Bahamas Marine Mammal Survey Org.
Bodega Marine Laboratory (UC Davis)
Cascadia Research Collective

Korea Ocean R&D Institute

Lower Columbia River Estuary Partnership
Marine Mammal Center (Sausalito, CA)
North Slope Borough

Norway Institute for Marine Research
Oregon State University

Provincetown Center for Coastal Studies
Queen’s College (Canada)

Simon Fraser University (Canada)
Stanford University

University of Alaska, Fairbanks
University of Miami

University of South Florida

Univ. St. Andrews, Sea Mammal Unit
University of California, Berkeley
University of California, Davis
University of Texas

University of Washington

University of Tromsg (Norway)

U.S. Fish and Wildlife Service

U.S. Geological Survey

Washington State University
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NOAA-F, Alaska & Pacific Islands Fisheries Science Centers
NOAA-F, Southwest Fisheries Science Center (now WCRO)
NOAA-F, Southeast Fisheries Science Center

a0 Korea

o 20 Australia

NOAA-F, Office of Protected Resources

ARCTIC OCEAN e = -

-~ Norway ‘oé

Scotland 0¥

~~~~~~~~~~~~~

NORTH PACIFIC OCEAN

NOS, Office of Response and Restoration
NOS, National Centers for Coastal and Ocean Science
NOS, Coastal Services Center
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Ecotoxicology Program core competencies

Research
» Injury thresholds

» Toxic mechanisms/pathways

» Controlled experimental field studies

» Mixtures and multiple stressors

» Next generation biomarkers
Reconnaissance

» Habitat restoration effectiveness

» Seafood safety/surveillance

» Environmental status and trends

» Chemicals of emerging concern

» Sentinels for ecological/human health
Synthesis and Communication

» Risk characterization and assessment

» Ecological modeling

» Resiliency forecasting

» Science communication

» Science-to-NOAA decisionmaking

Research

Synthesis and Reconnaissance
Communication
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Guiding protected resource conservation
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Litigation, research, and consultation timelines

Endangered and
Threatened Species
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Case example: major disasters
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Widespread oyster deaths
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Gulf of Mexico

Deepwater Horizon:
Tracking the Crude

The explosion last year of the
Deepwater Horizon rig in the
Gulf of Mexico triggered a major
oil spill and closures of fishing
areas and shoreline.

Renée Rigdon/The Wall Street Journal
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Tuna Research & Conservation Center
Collaborative Facility (Stanford and Monterey Bay Aquarium)




Deepwater Horizon surface oil, May 6, 2010 (photo by Daniel Beltra)
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Deepwater Horizon crude oil impacts the developing
hearts of large predatory pelagic fish

John P. Incardona®’, Luke D. Gardner®, Tiffany L Linbo®, Tanya L. Brown*, Andrew ). Esbaugh®, Edward M. Mager*,
John D. Stieglitz®, Barbara L French®, Jana S. Labenia®, Cathy A. Laetz*, Mark Tagal®, Catherine A. Sloan®,
Abigail Elizur?, Daniel D. Benettl’, Martin GroselF, Barbara A. Block®, and Nathaniel L Scholz*

*Ecotaxicology wm{m\ Ervironmenta Conmrvaton Division, Norfhwest Fisheres Soence Center, National Oceanic and Atmaspharc Admin iration,
Seattie, WA 8112, “Hapkins Marine Stition, Dapartment of Biology, Stanford Universty, Pac fic Grove, CA S3950; “Division of Marine Biology and Fidheses,
Rasenstiel School of Marine and Atmogheric Scences, Universty of Miami, Miami, AL 33143.1058; and “Genacology Remarch Cantre, Facuity of Scnce,
Health, Education and Engineering, Unnersity of the Sunshine Coat, Maroochydare DC, QLD 4558, Augralia

Edited by Karen A_ Kidd, University of New Brunweidk, Saint John, BC, Canads, and accepted by the Editorial Board February %, 208 (recehed for review
)

November 6, 20

The Deepwater Horizon disaster released more than 636 million L
of crude oil into the northern Gulf of Mexico. The spill oiled upper
surface water spawning habitats for many commerdally and eco-
logically important pelagic fish species. Consequently, the devel-
oping spawn (embryos and larvae) of tunas, swordfish, and other
large predators were potentially exposed to cude ailderived
polycyclic aromatic hydrocarbans (PAHs). Fish embryos are gener-
ally very sensitive to PAH-induced cardictoxicity, and adverse
changes in heart physiology and morphology @an @use bothacute
and delayed mortality. Cardiac function is particlarly important
for fastswimming pelagic predators with high serobic demand.
Offspring for these spedes develop rapidy at relatively high tem-
peratures, and their vulnerability to crude oil toxidty is unknown.
We msessed the impacts of field-collected Deepwater Horizon
PMC252) oil samples an embryos of three pel agic fish: bluefintuna,
yellowfin tuna, and an amberjack. We show that environmentally
realistic exposures (1-15 pg/L total PAH) cause specific dose
dependent defeds in ardisc function in all three spedes, with
Graslatory disruption cuminating in pericardial edema and other
secondary malformations. Each species displayed an irregular
strial arrhythmia following oil exposure, indicating a highly con
served response to oil toxicity. A considerable portion of Gulf wa-
ter samples collected during the spill had PAH concntrations
exceeding toxicity threshokds observed here, indicating the poten-
tial for lasses of pelagic fish larvae. Vulner sbility assessments in
other ocean habitats, induding the Arctic should foass on the
developing heart of resident fish speGes as an exceptionally sen
sitive and consistent indicator of crude oil impacts.

ofl spill | damage xsessment | heart development | embryology

he Deepwater Horizon dissster resulted in the relesse of more
than 4 million barrels (636 million L) of oil into the offshore

waters of the northemn Gulf of Mexico between April 10 and July

14, 2010 (1). Although subsurface application of dispersant near

the wellhead resulted in retention of a considerable portion of oil

in the bathypelagic zone (2), oil ako traveled to the upper sur-

face waters where it formed a large and dymamic patchwork of

slicks (eg., covering an estimated 17,725 km® during May 2010)

(3). In the decades following the kst major US oil spill (the 1989

Exwn Valdez spill

shown to be espec

The northem Gu

itats for a range

pelag

respectively) (14, 15). The Adantic bluefin tuna (Thunnus thynmus)
population from the Gulf of Mexico & currently ata hiswrically
low level (16), and was recently petitioned for listing under the
US Endangered Species Act. For these and other pelagics, the
extent of early-life stage loss from oiled spawning habitats & an
important outstanding question for fisheries management and
conservation.

The developing fish heart & known s a sensitive target organ
for the toxic effects of crude oil-derived polycyclic aromatic
hydrocarbons (PAHS) (4). Of the multiple two- to six-ringed
PAH families contained in crude oil, the most sbundant three-
ringed compounds are sufficient to drive the cardiotoxicity of
petroleum-derived PAH mixtures. These compounds (fluorenes,
dibenzothiophenes, and phenanthrenes) directly disrupt fish
cardiac function (17, 18), thereby interfering with the inter-
dependent processes of circulation and heart chamber forma-
tion. Exposure of fsh embryos to PAH mixtures derived from
crude oil slows the heartheat (bradycardia) and reduces con-
tractility (17, 19-21). The underlying mechanism wss recently
shown to be blackade of key potsssium and calkium ion channels
involved in cardiac excitation-contraction coupling (22). These

Significance

The 2010 Deepwater Horizon (MC252) disaster in the northern
Gulf of Mexico released more than 4 mil lion barrels of crude oil.
Oil rose from the ocean floor to the surface where many large
pelagic fish spawn. Here we describe the impacts of field-
collected oil samples on the rapidly developing embryos of
warm-water predators, including bluefin and yellowfin tunas
and an amberjack. For each species, environmental ly relevant
MC252 oil exposures caused serious defects in heart develop-
ment. Moreover, atnormalities in cardiac function were highly
cansistent, indicating a broadly cnserved deve lopmental qude
oil cardiotoxiGty. Losses of early life stages were therefore
likely for Gulf populations of tunas, amberjack, swordfish,
billfish, and other large predstors that spawned in oiled suface
habitats.




Crude oil disrupts tuna heart function

Normal tuna heart cell Arrhythmia in response to crude oil
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Crude Oil Impairs Cardiac Science, 2014
Excitation-Contraction Coupling in Fish

Fabien Brette,* Ben Machado,* Caroline Cros,* John P. Incardona,?
Nathaniel L. Scholz,? Barbara A. Block**

Crude oil is known to disrupt cardiac function in fish embryos. Large oil spills, such as the
Deepwater Horizon (DWH) disaster that occurred in 2010 in the Gulf of Mexico, could severely
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Case example: expanding stormwater threats

How development harms the Sound

One house has little impact on stormwater. But grouped together they add up, blocking rainwater from soaking into the
ground, polluting stormwater and damaging streams. Every year around Puget Sound, we level as much as 10,000 acres of
forest as we gradually make way for the 4 million people who could move here this century.

UNDEVELOPED LAND

STORMWATER ABSORBED

Only about 1 percent
of rain reaches
streams and the Sound
as surface runoff; the
rest is absorbed by soil
and vegetation.

THE EFFECT OF DEVELOPMENT

IMPERVIOUS SURFACES

Streets, roofs, sidewalks and driveways prevent water

from being absorbed, creating stormwater runoff.

RUNOFF

Surface runoff flows into creeks and streams, causing
flooding and erosion. Streams are more prone to drying up
during a drought. Higher water temperatures harm salmon.

ABSORBED WATER
RECHARGES

GROUNDWATER IMPERVIOUS

SURFACES

STREAMS

Absorbed water

trickles into CHEMICALS AND WASTE
streams, keeping Riiiof oickei

them cooler. P P

chemicals, including oil
and gas from cars;
copper from brakes;
household chemicals
including flame
retardants, pesticides
and weed killers; animal
waste; and sewage.

GROUNDWATER

Surce: Environmental Protection Agency

AMANDA RAYMOND / THE SEATTLE TIMES

Seattle Times, 5/11/08

 What are they?

* How can they be
effectively minimized?

* Are ongoing efforts to
reduce impacts working?

PUMP NO WASTE

PRAINS > LAKE
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Underwater video of an urban outfall
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Time-lapse of a single storm event in Puget Sound (Alki Beach, West Seattle)
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Combined sewer overflow, Montlake Cut
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Photo by Blake Feist, NOAA Fisheries Nov. 19", 2012
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Urban runoff is killing coho spawners every year
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More than a decade of spawner surveys in Puget Sound, losses often > 80% of an entire fall run
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Initial findings and implications for listed coho
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OPEN a ACCESS Freely available online

Recurrent Die-Offs of Adult Coho Salmon Returning to
Spawn in Puget Sound Lowland Urban Streams

Nathaniel L. Scholz* Mark S. Myers?, Sarah G. McCarthy?, ] ana S. Labenia?, ] enifer K. McIntyre!, Gina M.
Ylitalo!, Linda D. Rhodes?, Cathy A. Laetz?, Carla M. Stehr!, Barbara L. French®, Bill McMillan®, Dean
Wilson?, Laura Reed?, Katherine D. Lynch?, Steve Damm?, Jay W. Davis®, Tracy K. Collier*

1 Northwest Fisheries Science Center, NOAA Fisheries, Seattle, Washington, United States of America, 2 Department of Natural Resources and Parks, King County, Seattle,
Washington, United States of America 3 Wild Fish Conservancy, Dwall, Washington, United States of America 4 Seattle Public Utilities City of Seattle, Seattle,
Washington, United States of America, 5 Washington Fish and Wildlife Office, US. Fish and Wildlife Service, Lacey, Washington, United States of America

Integrated Environmental Assessment and Management — Volume 7, Number 4—pp. 648-656
648 © 2011 SETAC

Refined predictive forecasting
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Estimating the Future Decline of Wild Coho Salmon
Populations Resulting from Early Spawner Die-Offs in
Urbanizing Watersheds of the Pacific Northwest, USA
Julann A Sprombergi* and Nathaniel L Scholz}

tNational Oceanic and Atmospheric Administration (NOAA) Fisheries, Northwest Fisheries Science Center,
2725 Montlake Boulevard East, Seattle, Washington 98112, USA
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OPEN 8 ACCESS Freely available online

Landscape Ecotoxicology of Coho Salmon Spawner
Mortality in Urban Streams

Blake E. Feist'*, Eric R. Buhle!, Paul Arnold?, Jay W. Davis?, Nathaniel L. Scholz?

1 Northwest Fisheries Science Center, National Marine Fisheries Service, National Oceanic and Atmospheric Administration, Seattle, Washington, United States of America,
2 Washington Fish and Wildlife Office, United States Fish and Wildlife Service, Lacey, Washington, United States of America
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Key future challenges

 The laboratory platform for environmental health research (e.g., ‘omics,
informatics) is evolving more rapidly than most other NMFS science areas

* NMFS science funding for toxics and protective resources is predominately
reactive; proactive planning for emerging habitat threats is needed

 There is no national-level strategy, or even coordination among FMCs, on
NMFS science specific to ocean pollution, listed species, and their habitats

» Future demographic trends are clear; coastal watersheds/estuaries will be
increasingly impacted by toxics, particularly from non-point source pollution

« Much more work is needed to connect the dots between health impacts at
the scale of individual fish and ecosystem-based management
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